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With higher-LET radiations, the initial linear term generally extends
to higher doses than those seen with low-LET radiations. Frequently, it is
as difficult to demonstrate a quadratic term with high-LET radiations as it
is to demonstrate the initial linear term with low-LET radiations.

On the basis of the linear-quadratic model, the RBE derived from
data obtained at high dose rates would be expected to be highly dependent
on dose, with a sharp increase in RBE as the dose decreases (Figure
1-2). With decreasing dose rate, the slope of the high-LET curve would
be expected to change only minimally. With low-LET radiation, however,
at very low doses or with higher doses at low dose rates (or with a very
high degree of fractionation), the curve would ultimately be expected to
become linear with a slope equal to that of the linear component of the
linear-quadratic dose-response curve. Thus, with the limiting conditions of
very low dose, any dose at very low dose rates, or both, the limiting RBE
should be equal to the slope of the high-LET dose-response relationship,
divided by the slope of the linear term of the linear-quadratic dose-response
relationship. This ratio was designated in ICRP-ICRU 63 as RBEm, which
is the maximum RBE which is obtained at minimal doses. Thus, emphasis
was put on RBE values that were obtained at very low doses, very low
dose rates, or both, which were considered to be most relevant to radiation
protection. It was made clear by ICRP-ICRU, 1963 that essentially all of
the increase in RBE at low doses is caused by a decrease in the slope of
the low-LET curve as the dose decreases. This is a basic problem with the
current definition of RBE in which low-LET radiation is the "standard"
relative to which RBE is evaluated.

Currently, the biological effectiveness of all photon and electron radia-
tions are assumed to be the same, although there is experimental evidence
that medium energy (200-250 Wp) x rays are twice as effective as Cobalt-
60 gamma rays for low doses on the order of 1 rad, at least for some
endpoints such as oncogenic transformation and chromosome aberrations
(Bo83, Un76, Sc74). Microdosimetric measurements lead to similar con-
clusions (E172).

Factors Affecting RBE

Radiation Quality (LET)

The current use of LET as a measure of radiation quality is based
essentially on (1) its simplicity (easy to calculate, easy to understand), and
(2) the recognition that there exists an association between the spatial
patterns of energy deposition and biological effectiveness. As such, LET
is a reasonable qualitative index for ranking radiations on an ordinal scale
of biological effect. For quantitative predictions, however, LET has severe
limitations (ICRU83, ICRU86).